Abstract. Sestrin 2 is a conserved antioxidant protein that is involved in p53-dependent antioxidant defenses and protects cells against oxidative stresses. The present study was conducted to examine the expression of sestrin 2 in colorectal cancer (CRC) and investigate a possible relationship between sestrin 2 expression and prognosis in CRC. The expression of sestrin 2 in human CRC tissues and cell lines was evaluated by immunohistochemical or immunofluorescent staining and western blot analysis. The correlations between sestrin 2 expression in human CRC tissues and clinicopathological variables, including overall survival (OS) and disease-free survival (DFS), were analyzed. Both human CRC tissues and cell lines showed a decreased expression of sestrin 2. Furthermore, a low expression of sestrin 2 was significantly correlated with advanced tumor stage, lymphatic invasion, lymph node metastasis, vascular invasion and liver metastasis. Survival analysis showed that patients with low sestrin 2 staining had a significantly worse DFS and OS. Additionally, early or advanced stage CRC patients with a low expression of sestrin 2 had a shorter survival. In univariate analysis, the patients with low sestrin 2 expression, advanced tumor stage, lymphatic invasion, lymphatic node metastasis, vascular invasion, liver metastasis and peritoneal metastasis had shorter OS and DFS. In multivariate analysis, only low sestrin 2 expression, advanced tumor stage, lymphatic node metastasis, vascular invasion and liver metastasis remained as independent prognostic factors of poor OS and DFS. The findings suggested that a decreased expression of sestrin 2 is associated with an unfavorable prognosis, which suggests that it is a novel and crucial predictor for CRC metastasis.
Introduction
Colorectal cancer (CRC) remains a major cause of cancer worldwide and accounts for approximately 9% of overall cancer incidence (1) (2) . Although recent advances in chemotherapy have prolonged the survival of patients with advanced disease, the recurrence rates remain high (3) . Thus, improved understanding of CRC development may facilitate the identification of molecular targets for therapeutic intervention and improve prognosis of the disease.
Oxidative stress plays a major role in CRC development and progression (4) , and results from an excess pro duction of free radicals or insufficient antioxidant defenses. The tumor-suppressor protein p53 has received attention mainly because the gene is mutated and/or inactivated in the majority of human cancers, including CRC (5-6). p53 protein accumulation and activity are induced by genotoxic, oxidative and oncogenic stresses (7) . Many p53 target genes have been thoroughly characterized and are involved in its tumor suppressive functions (8) . Among these antioxidant genes activated by p53, sestrins are important for the inhibition of reactive oxygen species (ROS) and protection from oxidative stress, transformation and genomic instability (9) (10) . Sestrins are members of a family of highly conserved antioxidant proteins. Mammalian cells express three members of this family, including sestrin 1, 2 and 3 (11) (12) . Sestrin 2, transcriptionally regulated by p53, has a cytoprotective function based on regeneration of the overoxidized peroxiredoxins (10) , which are supposed to be involved in CRC (13) (14) . Sestrin 2 emerges as a novel player in autophagy induction and tumor suppression (6, 15) . Upregulation of sestrin 2 expression via JNK pathway activation contributes to autophagy induction in cancer cells (16) . Wang et al found that fangchinoline, a novel anti-tumor agent, induced autophagic cell death via p53/sestrin2/AMPK signalling in human hepatocellular carcinoma cells (17) . Analysis of gene expression has shown that sestrin 1 and 2 are downregulated in lung cancers of different origin such as large cell carcinoma, adenocarcinoma, squamous cell carcinoma and small cell lung carcinoma (18) (19) (20) . It is also reported that sestrin 2 interacted directly with AMPK and mediated sensitization of breast cancer cells to ionizing radiation (21) . These studies suggest that the sestrin 2 may be important in tumorigenesis by regulating oxidative stress. More recently, the upregulation of sestrin 2 was found to induce apoptosis through the AMPK/p38 signaling pathway in hT-29 colon cancer cells, which are p53 mutant, treated with quercetin (22) . however, the role of sestrin 2 in CRC has to be elucidated.
In the present study, we reported the expression of sestrin 2 in human CRC tissues and cell lines. The correlation between pathological factors and protein expression of sestrin 2 in human CRC tissues was examined, as well as the correlation between protein expression and disease-free survival (DFS) and overall survival (OS). To the best of our knowledge, this study provides the first evidence that sestrin 2 may be involved in CRC.
Materials and methods
Human subjects and clinical data. The parafin-embedded tissue samples of the CRC patients (130 males and 107 females) who underwent surgery between 2004 and 2008 were obtained from the Department of Gastrointestinal Surgery of the following hospitals: The First Affiliated hospital of Chongqing Medical University and The Chongqing Three Gorges Central hospital. The patients did not receive chemoor radiotherapy prior to sample collection. The histological type was independently determined by two pathologists in the study. The paraffin-embedded tissue specimens from 32 normal mucosa, 22 polyp, 30 adenomas (24 cases with mild dysplasia, 4 cases with moderate dysplasia, 2 cases with severe dysplasia) and 26 borderline tissues were used as controls. Demographics (age and gender) and tumor features (differentiation, TNM stage, lymphatic invasion, lymphatic node metastasis, invasion, liver metastasis, peritoneal metastasis and serum CeA) were obtained from clinical and pathological records (Table I) . Surgical staging was determined using criteria based on international union Against Cancer (uiCC). DFS was regarded as the interval between the day that surgery was performed and the day that recurrence was identified. if recurrence was not diagnosed, the date the patient succumbed or that of last follow-up was used. OS was regarded as the interval between the dates of surgery and death. After the initial operation for the primary lesion there was a 5-year period for DFS and OS. . Forty-two fresh CRC tissues as well as 19 normal mucosa, 20 polyp, 22 adenomas (18 cases with mild dysplasia, 3 cases with moderate dysplasia, and 1 case with severe dysplasia) and 26 borderline tissues collected between 2013 and 2014 were immediately placed in a cryovial and stored in liquid nitrogen until subsequent use for western blot analysis. Clinical features of the CRC patients are shown in Table II .
The study was approved by the Medical Ethics Review Committee of the First Affiliated hospital of Chongqing Medical University. Informed and written consent was obtained from the patients or their relatives for the use of any data and tissues for this study. The study was performed as per the Declaration of helsinki of the World Medical Association.
Immunohistochemistry. Tissue sections were deparaffinized in xylene, immersed in graded ethanol series, and then incubated in 3% hydrogen peroxide for 15 min. For the antigen retrieval, the sections were heated in a microwave oven for 10 min at 92-98˚C in 10 mmol/l sodium citrate buffer (ph 6.0). Non-specific binding was blocked by incubating the sections with 10% goat serum (Zhongshan Golden Bridge, Beijing, China) in 0.1 M phosphate-buffered saline (PBS) at room temperature for 30 min as described previously (14) . The sections were then incubated with primary sestrin 2 antibody (mouse monoclonal antibody; 1:100, Santa Cruz Biotechnology, inc., Santa Cruz, CA, uSA; cat. no. sc-101249) overnight at 4˚C followed by incubation with goat anti-mouse antibody (Zhongshan Golden Bridge, inc., Beijing, China) for 30 min at 37˚C. Sections were then treated with ABC solution (Zhongshan golden Bridge, inc.) at 37˚C for 30 min and washed with PBS. immunoreactivity was detected with 3,3'-diaminobenzidine (DAB, Zhongshan Golden Bridge, Inc.) for 5 min. Counterstaining was performed using hematoxylin. For the negative controls, the primary antibodies were replaced with PBS. A LeiCA DM6000B automatic-microscope (Leica, Solms, Germany) was employed for collecting of images.
The cells with buffer stain in the cytoplasm were considered to be positive. Ten random visual field images for each sample were analyzed. Staining intensity was graded on a 0-3 scale as: 0, absence of staining;, 1, weakly stained; 2, moderately stained; and 3, strongly stained. The percentage of positive tumor cells was scored as: 0, absence of positive cells; 1, <33% positive tumor cells; 2, 33-66% positive tumor cells; and 3; >66% positive tumor cells. The staining score, calculated as the staining intensity score multiplied by the percentage score ranged from 0 to 9 (23). Low and high expression was regarded as a staining score of 0-4 and 5-9, respectively. The staining score was evaluated independently by two experienced pathologists. Concordance was achieved when the two pathologists concurred on the same score for a patient. Discordant patient cases were discussed by all the pathologists from the Department of Pathology in Chongqing Medical University to reach a consensus.
Cell lines and culture conditions. The FhC human normal colorectal mucosa cell line and the human CRC hT-29, SW480, SW620 and LoVo cell lines were purchased from the Shanghai Cell Bank at the Chinese Academy of Sciences (Shanghai, China). The cell lines were cultured in Leibovitz L-15 medium (gibco, grand island, nY, uSA) supplemented with 10% fetal bovine serum (FBS) (hyclone, Shanghai, China) and 2% penicillin/streptomycin (Beyotime, Jiangsu, China). The cells were then maintained at 37˚C in a humidified atmosphere.
Western blot analysis. Total proteins extracted from human tissues and cell lines were prepared in lysis buffer (Keygen Biotech, Nanjing, China) consisting of 50 mM Tris (ph 7.4), 1% Triton X-100, and a protease inhibitor mixture supplemented with 1 mM phenylmethanesulfonyl fluoride (PMSF). The insoluble material was centrifuged at 12,000 x g for 10 min at 4˚C, and the supernatant was obtained. The protein concentrations were quantified by bicinchoninic acid (BCA) assay (Pierce, Rockford, iL, uSA). electrophoresis was carried out using a Mini-Protean system (Bio-Rad Laboratories, hercules, CA, uSA). Total proteins (50 µg) were separated on 10% SDS-PAge gel and transferred to the polyvinylidene difluoride (PVDF) membranes (Millipore Corp., Billerica, MA, uSA) by an electrophoretic transfer system (Bio-Rad Laboratories). The PVDF membranes were blocked with 5% non-fat dry milk in TBS with 0.1% Tween-20 for 1 h at 37˚C, and then incubated with primary antibodies, anti-sestrin 2 antibody (mouse monoclonal antibody, 1:200; Santa Cruz Biotechnology, inc.; cat. no. sc-101249) and gAPDh antibody (mouse monoclonal antibody, 1:1,000; Abcam Biotechnology, Cambridge, MA, uSA; cat. no. ab125247) overnight at 4˚C. After washing, the membranes were incubated with secondary antibodies (1:2,000 dilution, goat anti-mouse IgG-hRP; Santa Cruz Biotechnology, inc.) for 1 h at 37˚C. Proteins were detected by enhanced chemiluminescence plus detection reagents (Pierce). The membranes were scanned (Bio-Rad Laboratories), and the pixel density of the images was quantified using Quantity One software (Bio-Rad Laboratories). The band intensity ratio of sestrin 2 relative to gAPDh (sestrin 2/gAPDh) was analyzed. Immunofluorescence and confocal microscopy. The cells were seeded and cultured on glass coverslips the day prior to the analysis. Following incubation for 24 h, the cells were fixed with 4% paraformaldehyde at room temperature for 15 min. After fixation, the cells were permeabilized with 0.2 % Triton X-100 (Beyotime, Jiangsu, China) and blocked with 10% normal goat serum for 1 h at room temperature, as previously described (? 
Results

Sestrin 2 is decreased in CRC and is correlated with clinico pathological characteristics.
In the normal mucosa, polyp, adenomas and borderline tissues, sestrin 2 was strongly and predominantly localized in cytoplasm, whereas faint immunoreactivity for sestrin 2 was observed in CRC patients (Fig. 1A-F) . A significantly lower expression of sestrin 2 was detected in the CRC group as compared to the normal mucosa, polyp, adenomas and borderline groups respectively (P<0.05; Fig. 1g ). no significant difference was identified among the normal mucosa, polyp, adenomas and borderline groups (P>0.05; Fig. 1G ). In the CRC group, 72.2% of cases exhibited a low expression of sestrin 2 and 27.8% a high expression (Fig. 1h) . By contrast, sestrin 2 expression was high in the normal mucosa (87.5%), polyp (71.8%), adenomas (80%) and borderline (80.8%) samples (Fig. 1h) . The Mann-Whitney U test was used to evaluate whether a low expression of sestrin 2 in CRC samples was associated with specific clinicopathological variables ( (Fig. 2) . The sestrin 2 expression was strong in the normal mucosa, polyp, adenomas and borderline samples, while it was faint in CRC samples. The protein expression of sestrin 2 in CRC tissues was significantly lower than that in normal mucosa, polyp, adenomas and borderline groups (P<0.05). No statistical significance was found among normal mucosa, polyp, (Fig. 3A) . Sestrin 2 expression was strong in the FhC cells and moderate in hT-29 and SW480 cells, while it was faint in the SW620 and LoVo cells (Fig. 3A) . Western blot analysis also revealed a markedly strong expression of sestrin 2 in FhC group and a moderate expression in the hT-29 and SW480 groups, but a markedly weak expression in the SW620 and LoVo groups (Fig. 3B) . Compared with the FhC group, the expression of sestrin 2 was significantly lower in the hT-29, SW480, SW620 and LoVo groups (P<0.05; Fig. 3C ). Furthermore, the expression of sestrin 2 in the SW620 and LoVo cells was significantly lower than that in the hT-29 and SW480 cells (P<0.05; Fig. 3C ).
Low expression of sestrin 2 in CRC predicts an unfavorable
outcome. The correlation of sestrin 2 low expression and clinical outcome was analyzed. Following 5-year follow-up, the mean OS and DFS periods were 39.04±22.46 and 38.70±22.56 months, respectively. To assess sestrin 2 as a predictor of survival, the Kaplan-Meier analysis method was used to investigate the correlation between sestrin 2 expression and survival. The log-rank test showed that patients with low sestrin 2 staining had a significantly worse OS and DFS than patients with high sestrin 2 staining (P<0.001 and P<0.001, respectively; Fig. 4A and B) . Additionally, patients with early or advanced stage CRC with low expression of sestrin 2 had a shorter survival than patients with high expression (P=0.029 and P=0.023, respectively; Fig. 4C and Fig. 4D ). At the 5-year follow-up, 50.99% of the patients with high sestrin 2 level survived. however, only 37.67% of patients with low sestrin 2 staining survived. The univariate analysis showed that the patients with low sestrin 2 expression [DFS, hazard ratio (hR) =0.412, P<0.001; OS, hR =0.398, P<0.001], advanced tumor stage (DFS, hR =3.678, P<0.001; OS, hR =3.822, P<0.001), lymphatic invasion (DFS, hR =2.773, P<0.001; OS, hR =2.825, P<0.001), lymph node metastasis (DFS, hR =2.821, P<0.001; OS, hR =3.035, P<0.001), vascular invasion (DFS, hR =2.538, P<0.001; OS, hR =2.469, P<0.001), liver metastasis (DFS, hR =3.767, P<0.001; OS, hR =3.809, P<0.001) and peritoneal metastasis (DFS, hR =2.351, P<0.001; OS, hR =2.302, P=0.001) had shorter OS and DFS (Table III) . Furthermore, the multivariate analysis showed that only low sestrin 2 expression (DFS, hR =0.553, P=0.021; OS, hR =0.537, P=0.018), advanced TNM stage (DFS, hR =3.043, P=0.026; OS, hR =3.352, P=0.016), lymphatic node metastasis (DFS ,  Table III . Univariate and multivariate analyses of the associations between prognostic variables and DFS and OS in 237 CRC patients.
5-year DFS hR (95% CI), P-value 5-year OS hR (95% CI), P-value -------------------------------------------------------------------------------------------------------------------------- (Table iii) . however, no significant correlation was detected between survival and other clinicopathological variables including age, gender, tumor site, histology, lymphatic invasion, peritoneal metastasis and serum CeA level (all P>0.05; Table III) .
Discussion
ROS, which are thought to be a major source of endogenous DnA damage, directly contribute to tumor progression and metastasis (24) (25) (26) . A great deal of evidence support the view that oxidative stress and the accompanying ROS are genotoxic and may contribute to the development of CRC (27) . Furthermore, the genetic reduction of mitochondrial oxidative stress reduces tumor grade and inhibits metastasis (28) . Therefore, tumors occur when there is an imbalance between overproduction of ROS and a decrease of antioxidant molecules in the body.
In the present study, we showed that the antioxidant protein sestrin 2 was decreased in human CRC tissues. Similarly, sestrin 2 was downregulated in human CRC cell lines. The expression of sestrin 2 in SW620 and LoVo cells, which were derived from the metastatic site of CRC, was significantly lower than that in the hT-29 and SW480 cells, which were derived from the primary lesion of CRC. In subsequent analysis of the association between the sestrin 2 expression and clinicopathological variables, we found that the low expression of sestrin 2 was correlated with lymph node and liver metastasis. The findings reveal that there may be a connection between the decreased expression of sestrin 2 and tumor metastasis. Results of studies have shown that oxidative stress directly contributes to tumor progression and metastasis (28, 29) . in clinical findings, most current chemotherapy agents and radiation therapy increase oxidative stress, leading to tumor recurrence and metastasis (28) . Since sestrin 2 protect cells from oxidative stress, the # P<0.05, statistically significant differences when compared with the hT-29 and SW480 groups, respectively. downregulation of sestrin 2 may increase oxidative stress, thus aggravating tumor metastasis. however, the molecular pathway that connects downregulation of sestrin 2 to the acquisition of metastatic capacity during tumor progression remains to be investigated. Besides the lymph node and liver metastasis, we found that low expression of sestrin 2 was significantly correlated with advanced tumor stage, lymphatic invasion and vascular invasion.
Previous studies reported that the abnormalities of sestrin 2-related protein, p53, was associated with CRC patient survival (30) (31) (32) (33) . however, the association between sestrin 2 and cancer mortality has not been investigated in clinical samples. Our results clearly demonstrate that a decreased expression of sestrin 2 was an independent and significant prognostic factor for 5-year DFS and OS. Additionally, early or advanced stage CRC patients with a low expression of sestrin 2 had a shorter survival than patients with a high expression. To the least of our knowledg, this is the first study to show an association between sestrin 2 expression and CRC patient survival. These findings suggest that sestrin 2 and its associated proteins may be crucial in CRC patient prognosis.
In conclusion, our study of patients with CRC revealed the downregulation of sestrin 2 protein in human CRC tissues compared with the normal mucosa, polyp, adenomas and borderline tissues. The expression of sestrin 2 was decreased in hT-29, SW480, SW620 and LoVo human CRC cell lines when compared with the FhC control cell line. Additionally, decreased sestrin 2 was associated with an unfavorable prognosis and was an independent prognostic factor for CRC, suggesting that sestrin 2 is a crucial predictor for sestrin 2 metastasis. The results thus shed light on the potential of sestrin 2 as a tumor-suppressor gene with a novel antioxidant function in CRC, and that downregulation of sestrin 2 may aggravate tumor metastasis. however, future studies should be conducted to examine the effects of changing sestrin 2 activity and identify the possible mechanisms based on this novel protein involved in CRC. . Kaplan-Meier analysis for the correlation between sestrin 2 expression and survival. The (A) OS and (B) DFS of CRC patients with a high and low expression of sestrin 2 are shown, respectively. Log-rank test showed that patients with high sestrin 2 staining had a significantly better OS and DFS versus patients with low sestrin 2 staining. The (C) stage I/II survival and (D) III/IV survival of CRC patients with high and low expression of sestrin 2, respectively are shown. Log-rank test showed that patients with a low expression level of sestrin 2 in stage I/II and stage III/IV had a shorter outcome.
